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The hairless SKH-1 mouse strain has a higher skin 
tu1nor incidence, shorter tumor latency, and higher 
tumor yield in response to ultraviolet (UV) irradia-
tion than the SENCAR strain. In ~his study we as-
sessed the differences in UV susceptibility of both 
strains by measuring DNA photodamage and epider-
mal proliferation after one UV treatment and after 1, 
3, 6, and 9 wk of chronic UV irradiation. Induction 
rates for cyclobutane pyrimidine dimers (CPDs) and 
pyrimidine (6-4) pyrimidone photoproducts [(6-4) 
PDs] were significantly greater in the SKH-1 strain 
than the SENCAR strain, but no strain differences in 
repair kinetic-s were detected for CPDs or (6-4) PDs. 
With chronic UV exposure we observed the follow-
ing: (i) there was an equal amount ofDNA photodam-
age in both strains; (ii) the number of (6-4) PDs was 
E xposure to ultraviolet radiation (UVR) is the primary cause for skin cancer in humans. Eighty percent of all non-melanoma skin cancer. occurs on chronically ex-posed areas of the body such as the fuce, neck, and dorsal areas of the anns (Matsui and DeLeo, 1995). 
Ultraviolet (UV) light is a complete carcinogen, acting as an 
initiator and promoter. As an initiating agent, UV light can directly 
modity nucleic acids by forming cyclobutane pyrimidine dimers 
(CPDs) and pyrimidine (6-4) pyrimidone photodimers ((6-4) 
PDs] (Pfeifer et al, 1990). Both lesions are formed between adjacent 
pyrimidines (Mitchell et a/, 1992; Mitchell and Karentz, 1993) . 
Both the CPDs and (6-4) PDs are induced by ultraviolet C (UVC) 
(200-280 nm) and ultraviolet B (UVB) (290-320 nm) light, and 
the (6-4) PDs are converted to their valence isomer, the Dewar 
pyrimidone, by e.ither UVB or ultraviolet A (UV A) (320-400 nm) 
(Mitchell and Rosenstein, 1987; Taylor et al, 1990). 
UVB is the major carcinogenic agent, but UVA has been shown 
to contribute to UV -induced carcinogenicity (De Gruijl eta/, 1983). 
The predominant lesion formed by UV light is the CPD, where it 
is induced to 2 to 3 times the amount of (6-4) PDs in human skin 
fibroblasts and in humans with type II skin (Rosenstein and 
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significantly greater than the CPDs after 6 wk; (iii) 
there were a significantly greater number of epider-
mal cells (1.5-fold increase) in the SKH-1 strain; (iv) 
the number of cycling cells, as measured by 5-bromo-
2'-deoxyuridine (BrdU), were located both basally 
and suprabasally and were significantly greater in the 
SKH-1 strain; and (v) the 1.1umber of cells immuno-
reactive to p53 was equivalent in both strains, but 
immunoreactive cells were located suprabasally in 
the SKH-1 strain after 9 wk ofUV. These results show 
that the etiologic role of UV in tumorigenesis is 
dependent on events other than the amount of DNA 
photodamage in mouse epidermis. Ke]' words: SEN-
CARISKH- 1/plwtoproducts/BrdU/pSJ . ] bwest Dermatol 
109:340-347, 1997 
Mitchell, 1991; Young et al, 1996). The predominant mutagenic 
lesions that UV light produces are C --'> T transitions or CC --'> TT 
double base substitutions at dipyrimidine sites (Brash et al, 1987). In 
UV-induced skin carcinogenesis studies, it has been shown that 
these mutations appear in tumors fi·om mice (Kress et al, 1992; 
Kanjilal eta/, 1993) and humans (Brash et al, 1991; Sato et al, 1994). 
The primary causal agent for these mutations in UV-induced 
carcinogenesis has been the dipyrimidine dimer (Ziegler et al, 
1993). 
A single exposure to UV light can induce the formation of CPDs 
and (6-4) PDs in dose-dependent fashion (Mitchell et al, 1990; 
Vink et al, 1991), but these data provide very little information 
about the carcinogenic efl:ect of chronic UV irradiation in tumor 
formation. Analysis of thymine dimer levels in chronic UV-
irradiated SKH-1 mouse epidermis has shown that the number of 
thymine dimers is highest after 3 consecutive days ofUV irradiation 
(Vink et al, 1993) . After 4 d of UV treatment, the number of 
thymine dimers decreases about 50% and remains constant 
throughout 90 d of consecutive UV treatments in which SO'Yo of the 
mice develop tumors (Vink eta/, 1991). Analysis ofthe tumors from 
these mice indicates that very few mutations occur within the ras 
gene, but 75% of tumors have p53 immunoreactivity, and 30% of 
the tumors have mutations at dipyrimidine sites (van Kranen et al, 
1995). 
As a tumor promoter, UV light has been shown to increase 
ornithine decarboxylase activity, leading to an increase in epidermal 
hyperplasia. A single UV exposure to SKH-1 mice can double the 
number of cells going through S-phase (Olsen, 1988) and increase 
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ornithin e d eca rboxy lase actiV It)' 10- to 20-fo ld within 24 h (Hill-
e brand ei nl , 1990) . C h ro nic UV irrad iatio n (3 j /cm 2) can in crease 
orn ith in e d ecarboxylase ac ti v iry 48- to 63 - fo ld (Ber ton et nl, '199 6) 
and ca n increase the b asa l levels of o rnithine d ecarb m .:ylase ac ti viry 
10-fold p rio r to tumo r formatio n (Hille brand et nl, 1 990). Analysis 
of h yperp las ia in c hTon ically UV-exp osed SKH-1 mice has shown 
th at th e inc rease in e pide rmal hyp e rplasia occurs in three phases 
(Sterenborg e/ nl, 1986) . In p ha se l th e e pide rmal thic kn ess re ma.ins 
con stant untiJ th e c umulative dose reach es l j /cm 2 • T his is 
fo ll owed b y phase II , in w hi ch th e e pid e rmal th ic k n ess increases 
un ti l tumo r fo rmati on. P h ase Til is a reA ection of tumor formation , 
w h e re there i s a g reater amount of hype rpla sia . In additi on, the 
increase in e pid e rma l thickn ess ca u ses a decrease in the amount of 
UVR to penetrate the ep ide rmis (Ste re nbo rg el nl, 1986). T h e re-
fore, t h e UV-induced h yp e rplasia ca n prevent furth e r photodamage 
to basal and ste m cell s b y in c re asing th e th ickn ess of the supra basal 
laye r , which h as b een shown to occu r after the fir st w eek of c hronic 
UV irradiation (Vink et al, 1991). 
Previously we ha ve sh own th at the h a irless SKH-1 m o u se strain 
is con side rably m o re su sceptible to UV-indu ced skin carc iu ogen es is 
than is the SEN CAR strain (Berton eta/, 1996). T h e purpose of this 
study was to d e termin e wh e th e r this susce ptibiJiry was du e to 
differe n ces betw een DNA photoda m age le ve l o r re p air and to 
defin e parameters assoc iated w ith prolife ra ti o n , includ ing e pide r-
ma l hype rplasia , DNA syn th esis, and p5 3 ex pressio n after a sin g le 
o r clu·onic UV ex posure. W e show that the differe n ces in su scep-
tibility betwee n stra ins primarily co rre lates with th e type and extent 
of cycling epidermal ce lJ s, as m e asure d b y 5-bromo-2 ' -deoxyuri-
dine (BrdU) iJ1 Co rporation , and to a lesser deg ree w ith th e type of 
epide rmaJ ce Ll s p53 immunoreactive, but not with th e q uantity of 
DNA photo damage. 
MATEIUALS AND M ETHODS 
Animals and UV Irradiation Fema le SEN CAR and hai rl ess SKH:HR.-
1-hrBr (S IU-1-1) mice at 3- 4 wk of age were obtained ft:om Harlan Sprague 
Daw ley (Indianapo lis, IN) and Charl~s l:Uvcr Laboratories (Wilmington, 
MA), respectively, and were used at 8 wk of age. Upon arriv ~ll , the mice 
were housed in dinmte-controlled quarters (22° ::':: 1 °C at 50%, humidity) , 
w ith a 12/ '12 h light/ dark cycle in Au o rescent lights. An imals were allowed 
free access to water and food and were o bserved dail y during the UV 
itTad iation treatment. T he dorsa l surface o f SEN CAR. mice was shaved with 
e lectri c clippers once a week 2 d pt;o r to UV treatm ent thro ughout the 
study . Nonirrad.iated age-matched SKH- 1 mice and shaved SEN CAR m ice 
were used as contro l fo r UrdU incorpo ration, p53 immu noreactivity, and 
pro liferation. 
T he UV apparatus (Daavlin , Bryan , 01-1) consisted of e ight Westing-
house FS40 sunlamps, an I L- '1400A Radiometer/ Photometer, and an 
attached IL-1 403 UVB Phototherapy R adiometer with a SEL 240/ UV-B-
1 /TO detecto r. Acco rding to the manu fa cturer's spec ifications, the broad 
band range for the UV hmlpS was be tween 290 and 400 11111, w ith 80"/.• of the 
UV light in the UVU region and 20'X, in the UV A region. The range for the 
detector was 265-332 nrn . T he pea k spectra l irradiance fo r the FS40 UV 
sunlamps was 297 nm, and the peak spectral responsivi ty fo r the radiometer 
was 297 nm . The Au ence was measured 60 em from the dorsal surf.1ce of the 
mice and was 0.48 mj/cm0 / s to 0.5 0 n1] /cm2 / s during UVR. 
For th e c hronic UV treolttn c n ts , e ac h rno usc fi·o nt e ith e r strain was place d 
in an indi vidua l con1partn1C11t and \·vas UV -irradiated with an initial dose of 
9() mj /crn2 . The dose was increased 25'X, on a weeki)' basis to compensate 
for epidermal thickenin g (Berton et " /, 1996). After 9 wk the tota l 
cumulative dose was 6.975 ] /cm2 and 5.52 J /cm 2 fo r the SEN C AJ\.. and 
SKH-1 strains, respectively. 
Induction and R e pair of CPDs and (6-4) PDs after One UV 
Treatment, a nd Their Accumulation after Chronic UV For the 
induction of pho toproducrs , two mice from each strain were UV-i rrad intcd 
with 100-500 mJ /cm2 in 100 mJ /cm2 increments and euthnnized immedi-
ately after treatment. To determine repair kine tics, g roups of two mice liom 
each strain were UV-irradiated with 100 mJ /cm2 and emhan ized 0, 2, ~ . 16, 
32, or 48 h post-UVR. For the chronic treatments, four mice ft·om each 
strain were shan1-trcatcd or U V-i rradiatcd. T he n1icc \>Vcrc c u thanizcd by 
C02 asphyxiation 48 h afte r a single treannem or 48 h after J , 3, 6, and 9 
wk of chronic UV treatment . 
DNA Isolation and Quantification Epide1:ma l DNA was iso lated by 
removing and fi:eezing the do rsa l surface on dry ice. Four to five punch 
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biopsies (8 111111 in dian1ctc r) \ ·VCr c scored on opposing sides of the tnidline 
of the do rsal surface , and the scored area w as chip ped with a scalpel on dry 
icc. T he pieces of ep idermis were placed in a mortar containing liquid 
n itrogen, gro und to a powder, and then lysed [1 0 mM T I; s(hydroxymeth-
yl)aminomcthane, I mM ethylencdiaminetetraacetic ac id , pH 8.0 , 0.5'% 
sodium dodecyl sul f., te, and 0.3 mg proteinase K per ml] at 50°C overnight 
with agitation . T he DNA was extracted by the pheno l- chJorotrom-isoam yl 
alcoho l method , precipitated with ammonia aceta te and 100% ethano l, and 
quantifi ed at A260 . Purity \vas assessed \oVith the A261/ A2~0 ratio. 
Radioimmunoassay for Photoproducts A competitive radioimmuno-
assay (RIA) was perfo rmed as previo usly described (Mitchell , 1996). 
Single- stranded DNA (2 to 6 J..Lg) iso lated fiorn UV-in:adiated epidermis was 
added to l ml of JUA buffer (1 00 mM T ris(hydro";'methyl)aminomethan e, 
pH 7.5. l 0 mM ethylencdiaminetetraaceti c acid, 140 mM N aC I. 0.2% 
gelatin, and 20 mg hea t denatured sa lmon testis DNA per ml). To compete 
fo r an tibody binding sites, C /osrridi11111 J>el}i'illgells DNA was mdio labelcd 
(Boehringer Mannheim, lndi ;mapolis , IN) with [a-32P)d-TTP (Amersharn , 
Arlington H eights , IL). and UV-irrad iated (254 nm) with 10 kJ / m2 fo r 
CPDs and 30 kj / m 2 for (6-4) PDs. PolyclonaJ primary antibodies for e ithe r 
C PDs (:t :1 0,000) o r (6-4) PDs (1 :50,000 to ·t :1 00,000) from antiserum 
raised in rabbits (Gosh et a/, 1995 ) were added, and the tubes were incubated 
at 3 rc on a rotator for 2-4 h. 
T he antigcn-an libody complex was precipitated at 4°C for 2 d by adding 
a secondary goat anti-rabbit lgG and normal rabbit serum (Ca!Biochem, San 
D iego, CA) . T he immune complex was pe lle ted at 3500 rpm at 4°C fo r 45 
min and so lubiLized with N CS® tissue solubiLize r (Arnersham) for 15 min on 
a rotator at 3 ?"C. T he percen t inhibi tio n of bound 32P from sample DNA 
was compared to control UV-irradiatcd salmon testes DNA to determine 
the qua nti ty of pho toproducts. 
Hematoxylin/Eosin, BrdU, and p53 Inununohistochcmistry Four 
mice were euthanized by C02 asphyxiation 24 h after a sing le UV exposure 
and 24 h after 1, 3, 6, o r 9 wk of chronic UV irradiation. For 13rdU 
immunos taining, mice were injected inte rperitonea ll y with a fi lter-sterilized 
solution of2 .0% BrdU (S igma, St. Louis, M O) at 0.1 mg/ g body weighr in 
phospha te-buffered sa lin e (PBS). Two hours later, 1n ice we re euthanized , 
and three to six 5 mm X 1.5 em sectiom were excised fi·om the dorsa l 
surface and fixed in l 0% neutral buffe red fo rmalin. T he tissue samples were 
para!lin-cmbcdded, and 4-,u.m sections were cm and sta ined with hematox-
ylin and eosin for analysis of epidermal hyperp lasia or stained immunoh.is-
tochemicall y fo r BrdU incorporation or p53 immunoreacti vity. 
For BrdU immunosta ining, the sections were heated for 20 min at 65°C 
and then deparaltlnizcd in xy lene three times for 5 min. R ehydration was 
carried o ur in graded alcohols (1 OO'Y,, , 95%. 90'Y.•) · Slides were washed 
between room temperature incubations "'cith PBS/ 0.5'Yo bovine serum 
albumin (BSA; Bocluinge r Mannheim) (pf-1 7.4) tluee times for 5 min. To 
expose antigenic sites, the slides were incubated w itl1 1 N HCI at 40°C for 
30 min. T he slides were then treated with pre-warmed (37°C) 0 .05% 
pro tease for 5 min . Endoperoxidasc activity was blocked w ith l.O% 1-12 0 2 in 
methano l fo r 20 min foll owed by a 20- min incubation with 1 0% norm al 
rabbit serum in PBS/0 .5% 13SA. The serum was drained and a monoclonal 
rat anti-BrdU (Accura te C hemical and Scienti.fi c Corp., Westbury, NY) 
antibody (l : l) was added for 30 min. T he slides were incubated w ith an 
affi ni ty-pmified biotin- labeled rabb it anti- rat lgG (l :300) (Vector Labora-
tories, Uurlingame, C A) in 5% normal rabbit se rum and PBS/ 0.5% BSA fo r 
30 min followed by an avidin- biotin horseradish peroxidase solmion (ABC; 
Vecrastain Elite ABC kit; Vector Laboratories) for 30 min . 
For p53 immunostaining the sections were deparaffinized and reh ydrated 
as above. Slides w ere then washed at room temperature between incuba-
tions with cold PBS/0.5'X. Twecn-20 (Sigma) (pH 7.4) two to three rimes 
tor 5 min. Slides were pe rmeabilized as described by Midgley e/ a/ (l 995) by 
m icrowaving in 0.01 M citrate buffer (pH 6.0) twice for 5 min , allowed to 
cool for 15 min , and incubated with 1 .5% 1-1 2 0 2 in me tl1 ano l for 20 min . 
Washed slides were incubated with a 15% normal goat serum in PBS/ 0.5% 
USA for 20 1nin. 1_"' he scrun1 w as dra.ined and sHd es \Vcre in c ubated \vi th a 
polyclonal rabbit an ti-p53 in PBS/ 0.5% BSA (1 :500) (NC L-p53-CMp, 
Novocastra Laboratories, Ltd. , Newcas tle , U.K.) for l h at room temper-
ature . ·washed slides were incubated with an affi ni ty-pm;fied biotin- labe led 
goat anti-rabbi t IgG to r 30 min with 5% no rmal go:lt seru m in PBS/ 0.5% 
BSA CJ :200) (Vecto r Labs), rewashed, and then incubated with an avidin-
bio tin ho rseradi sh peroxidase solu tion PBS/0. 5% 13SA (1 :100) (Vectastain) 
fo r 30 min . For both types o f immunostaining, the slides were then 
incubated with the 3-arnino-9-cthyl- carbazole/ peroxidase chromogen 
(13 iom eda , Foster C ity , CA) and counrersta ined with aqueous hematoxylin 
(Biomeda). 
Histologic Analysis of Immunostaining For analysis of hematoxylin 
and eosin-, UrdU-, and p53-stained slides, the o bserver was blinded to the 
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Figure 1. Differences in the induction 
ofCPDs and (f•-4) PDs in SEN CAR and 
SKH-1 mouse epidermis. Two mice 
from each stril in were UV-i.rradiated at a 
distance of 60 em from FS40 sunlamps in 
100 mj/cm 2 increments fi·om 100 to 500 
mj /cm2 . Mice were euthanized immediately 
afte r UV irradiation, epidermal DNA was 
isolated, and CPDs (a) and (6 -4) PDs (/J) 
were quantified by RiA (mean ::':: SEM; n = 
8 of quadruplicate sa mples from two mice.) 
a 
identity of each slide. For each area the number of ce ll s along 2.5 mm of 
sto:atum corneum were co un ted at 400 X magnification. For the hemato>:ylin 
and eosin-stained slides, one random are;l was selected for counting on each 
section of every slide. On all slides, the number of BrdU or p53 positive 
(3-ami.no-9-ethyl-carbazole/peroxidase chromogen-sta ined) and negative 
(hematoxylin-stained) ce lls were counted on two to three random areas for 
each section. After all the slides were counted, the identi ty of each slide was 
revealed, and the mean <1 nd standard deviation of each treatment group was 
determined. 
Statistical Analysis Comparisons of induction and repair data were 
performed by regression analysis and analysis of cov<~riance , and chronic 
photodamagc and immunostaining data were cva lu<1 ted by ANOV A (Sta-
tistical Programs fo r Social Sciences, Chicago. IL). 
RESULTS 
Lack of Differences in CPDs and (6-4) PDs Differences in 
UV-induced damage between mouse strain s was assessed by quan-
tifying CPDs (m ean ::':: SEM) and (6-4) PDs in m o use epidermis. 
The induction of CPDs and (6-4) PDs was assessed , at t = 0, after 
a single dose of UV (Fig lA,B) . After UV irradi ation with 1000 
mJ /cm 2 the number of GPDs and (6-4) PDs/megabase epide rmal 
DNA was 53 ::':: 4 and 12 ::':: 2, respectively, for the SENCAR mouse 
strain . T hese lesions increased 3-fold after 300 mj /cm 2 and pla-
teaued thereafter. In the epidermis of the SKH-1 mouse strain, the 
induction of CPDs and (6 - 4) PDs occurred in a dose-dependent 
manner. After 100 m]l crn 2 , there were approximately 87 ::':: 1l 
CPDs and 1.8 ::':: 1 (6-4) PDs/megabase epidermal DNA, which 
increased 4-fold after 500 mj/cm 2 . ln Table I , regression analysis 
indicates that the indu ction rates for both the CPDs and (6-4) PDs 
in the epide rmis of the SKH-1 mouse strain were signifi cantly 
differen t than the lesions in the epidermis of the SEN CAR mouse 
strain (p < 0.001). From these induction rates, we show that 
the epidermis of the SKH-1 accumulates 3.4-fold and 2.6-fold the 
number of CPDs and (6-4) PDs, respectively, compared to the 
ep idermis of the SEN CAR mouse strain. 
Repair rates were determin ed in UV-exposed epide rmis from 
SENCAR and SKH.-1 mice (Fig 2A,B and Table ll) . T he repair 
Table I. Differences in Induction Rates for CPDs and 
(6-4) PDs for SENCAR and SKH-1 Epidermis 
Induction Fold Correlation'' 
Lesion Strain Rate" Difference Coefficient 
CPDs SEN CAR 0.21 0.51 
SKH-1 0.71 3.4 0.98 
(6-4) PDs SEN CAR 0.05 0.63 
SKJ-1- I 0.13 2.6 0.97 
''The number of lesions per mcgabasc epidermal DNA that occur per mj/cm2 • 
1
' Signifi ca nt difference between strain s for each lesion (p < 0.00 '1 ). 
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kinetics ofCPDs and (6- 4) PDs in both strains show that the (6-4) 
PDs are repaired approximately 3 times faster than the C PDs (p = 
0.002). As shown in Fig 2A, the SENCAR and SKH-1 m o use 
stra ins exhibit the same repair kinetics for the CPDs (t-. 12= 65 and 
63 h , respectively, Table II), with 60% of the CPDs remaining 
after 48 h . As shown inn Fig 2B, within the frrst 4 h , 60% of the 
(6- 4) PDs were repaired in the epidermis of the SKH-1 m o use, 
whereas 40% of the lesions were repaired in the epidermis of the 
SENCAR mouse (p < 0.01) . T he SENCAR and SKH-1 mouse 
stra ins have the san1e repair kinetics (t 112 = 24 and 25 h , respec-
tively, Table II), however, and 48 h post-UV the SENCAR and 
SJG-f-1 mouse strains have 70 and 80% of the (6-4) PDs repa ired , 
respectively. 
Epidermal DNA photodamage was assessed 48 h after a single 
UV exposure and 48 h after the last UV treatm ent for 1 , 3, 6, or 9 
wk ofUVR. Figure 3 shows that after a single UV treatment there 
were more CPDs than (6-4) PDs for both mouse strains. Following 
1 wk of UV the number of (6 - 4) PDs in the SENCAR mou se 
epide rmis were equivalent to the number of CPD; in the SKH-1 
mou se epidem1is the number of(6-4) PDs were significantly lower 
than the number of CPDs (p < 0.01). After 3 wk of chronic UV 
eJ~:posure, the (6-4) PDs were greater than the C PDs in both 
mou se strains, and there were more CPDs and (6 - 4) PDs in the 
SKH-1 mouse .epidermis than in SENCAR mouse epidermis (p = 
0.005). Followmg 6 or 9 wk of chJ"onic UV iJTadiation, there were 
no differen ces in the number ofCPDs and (6-4) PDs in both mouse 
strains but afte r 9 wk of chroni c UV there was a slight decrease in 
the number of lesions in the SKH-1 mou se epidermis. 
Enhanced Epidermal Hyperplasia in SKH-1 Mice Age-
matched untreated control SENCAR and SK.H-1 mice used in 
parallel with the UV-inadiated mice had appro;-..-i mately 32 ::':: 3 and 
4.0 ::':: 2 nucl eated cells per 2 . 5 mm of stratum corne um , respec-
bvely, throughout the 9 wk (data not shown). Twenty-four and 
48 h after a single UV treatment the SENCAR mice had 38'Yu and 
3.1% more. epidermal cells compared to Lmtreated mice, respec-
tively, wlule th e SIG-l- 1 mice had 18°!., and 39% more epidermal 
cells, respectively (Fig 4). The data fro m the chronic UV treat-
m ents indica te tha t the number of epidermal cells 24 and 48 h after 
the last UV exposure for 1, 3, 6, and 9 wk ofUVR was significantly 
greate r in the SKI-l-l strain than the SENCAl:t strain (p < 0.001 ) 
(Fig 4) . T hroughout the 9 wk of chroni c UV irradiation the 
SEN CAR mou se strain showed no signi ftcant chan ge i1; the 
number of epidem1aJ cells at both time points, but the SKH-1 
mouse strain had a significant in crease in the number of epiderm al 
ce iJs at both time points through 9 wk of chronic UVR (p < 0.01) 
(Fig 4) . Morphologic analysis of the epidermal sections from th e 
SKH-1 mouse strain indicates that these mice exhibited m o re 
hyperplasia and bad a thicker stratum corneum than the SENCAR 
strain after l wk of UV irradi ation (compare Fig 6C,D, and Fig 
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7C,D). By 9 wk of UV exposure, the epidermis of the SKH- 1 
mouse strain showed a greater level of hyperplasia and hyperkera-
tosis, which contained fo cal areas of dysplasia compared to the 
SENCAR strain. (compare Fig 6E,F, and Fig 7E,F) . These char-
acteristics are siznilar to those previously published using UV-
irradiated hairless mice (Kligman et a/, 1985; Berg et al, 1996; 
Berton el a/, 1996) and XP-C mutant mice (Sands et al, 1995). 
Elevated BrdU Incorporation iu SKH-1 Mice Epidermal 
DNA syn thesis was assessed by measuring the incorporation of 
BrdU 24 h after a single UV exposure and 24 h after the last UV 
exposure for 1, 3, 6, or 9 wk ofUVR.. (Fig SA) . We have previously 
observed an equivalent amotmt of BrdU incorporation in SIU-1-1 
mice 24 and 48 h post-UV with 90 m]/cm 2 (data not shown) and 
have chosen the earlier time point for this study. In untreated 
control epidermis there were approximately 1. 5 :!:: 0. 7 BrdU-
labeled cells in 2.5 111111 of epidenuis in the SEN CAR and SK.H-1 
strains throughout the 9 wk (Fig 6A,B) . After 1. wk and up to 3 wk 
of chronic UV treatment, the number of BrdU-labeled cells 
doubled and tripled in the SENCAR. and SJU-l-1 strains, respec-
tively, compared to a single UV exposure. After 6 and 9 wk of 
chronic UV treatment, the number ofBrdU-labeled cells remained 
constant in the SENCAR.. strain, but significantly increased 43% in 
the SIU-1- 1 strain (p < 0.01). As shown in Fig 6C-F, BrdU labeling 
was located in the basa l layer of the epidermis of both strains after 
1 and 9 weeks of chronic UV irradiation. By 9 wk, BrdU labeling 
was observed in the suprabasal layers associated with focal areas of 
dysplasia in the SKH-1. mouse strain. 
Differences in p53 Immunostaining between Strains The 
numbers of p53 immunoreactive cells after 24 h of a single UV up 
to 9 wk of UV are shown in Figs 5B, and 7 A-F. The number of 
p53-labeled cells was higher in the SKH- 1 mouse strain than in the 
SENCAR mouse strain after a single UV exposure (Fig SB) . After 
1 wk of UV irradiation the number of labeled nuclei decreased in 
both strains and then increased in proportion to the cumulative 
dose of UVR.. As shown in Fig 7 A,B, untreated mouse epidermis 
showed subtle or no p53 immunoreactivity . After 1 wk ofUV, p53 
labeling was detected in the basal layer of both mouse strains (Fig 
Table IL Similar Repair Rates for CPD and (6-4) PD in 
SENCAR and SKH-1 Epidermis 
Correlation 
Lesion Strain Slope" Coefficient 
CPDs SEN CAR - 0.745 0.71 
SKH-1 - 0.966 0.73 
(6-4) PDs SEN CAR. - 0.394 0.49 
SKH- 1 - 0.778 0.60 
"Slope was ca lcu lated fiom raw data for the repair curves. 
"Half-life was C<l ic ulatcd ~s t 112 = - (log 102)/slopc. 
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Scncar (6-4) PDs 
SKH-1 (6-4) PDs 
40 48 
Figure 2 . Similar repair rates for 
CPDs and (6-4) PDs in SENCAR 
and SKH-1 epidermis_ After a single 
treatm ent of1 00 m.J / cm2 , two mice from 
each group were euthanized at 0, 2. 4. 
16, 32, or 48 h after UV irracliation. 
Epidermal DNA was isolated and CPDs 
(n) and (6-4) PDs (/J) were quantified by 
RIA (mean :!:: SEM; n = 8 of quadrupli-
cate samples from two mice.) 
7C,D). After 9 wk of chronic UV exposure, p53 immunoreactivi ty 
was more intense in the basal layer (Fig 7E,F) and was detected in 
the suprabasal layer of the SKI-l-l strain (Fig 7F) . Although no 
quantitative differences in p53 immunostaining were observed 
betvveen strains, we observed more clustered a1·eas of strong p53 
immunoreactivity in the SKH-1 strain than in the SENCAR strain. 
DISCUSSION 
The SENCAR.. strain is known for its very high susceptibility to the 
two-stage chemical carcinogenesis protocol (Siaga 1984), wh ereas 
the hairless SIU-I-1 strain is widely used to investigate photocarci-
nogenesis (DeGruijl ct nl, 1.983; Vink cf a/, 1991; Kress cl nl , 1992; 
Ruven e/ a/ , 1994; Berton eta/, 1996) . We previously reported that 
the hairless SKH-1 strain is much more susceptible to UV-induced 
skin carcinogenesis than the SENCAl~ strain, with a tumor in ci-
dence of 100% and 60%, a tumor latency of 9 and 12 wk, and a 
m ea n tumor yield of 12 and 2, respectively (Berton el a/, 1996). In 
this study we have compared the SEN CAR and SKI-I-1 strains with 
regard to their photobiologic responses, epidermal hyperplas ia, 
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Figure 3- Comparable accumulation of CPDs and (6-4) PDs after 
UVR exposure in SENCAR at>d SK.H- 1 epidertuis- Four mice from 
each stra in were UV-irradiated as descdbed in the text. Forty-eight hours 
after the indicated time points, the mice were euthan.izcd. Ep idermal DNA 
was isolated and C PDs and (6-4) PDs w e re q uantifi ed by RIA (mean :!:: 
SEM; n = 8 of duplicate DNA samples from fom mice; ", p = 0.005 
signifi cant difference between SIU--1-1 and SENCAR mouse stra ins.) 
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Figure 4. VVR ca uses greater epidermal hyperplasia in SKH-1 
mice than SENCAil mice. Eight mice from each group were UV-
irradiated as described in the text. Twenty-four hours after the last UV 
trea tmen t, at the indicated tim e points , the mice were euthanized and the 
dorsal surface was isola ted , fiJ;ed in 10% neutral bufFered formalin, pro-
cessed , ami sta ined with hematoxylin and eosin (mean ± SEM; n = 20 for 
the number of nucleated cells in 2.5 mm of epidermis from five sections of 
four mice at 400 X, ", p < 0.001 signif1cant diffe rence between SKH-1 and 
SEN CAR mouse sb·a ins for each time poin t.) 
DNA syntbesis, and p53 status after acute and ch ronic UV expo-
sure . 
Our induction and repair ra tes arc similar to those published b y 
Ley et rrl, (1977), O lsen et rrl (1989), and Mi tchell et rrl (1990), in 
w hich th e (6-4) PDs are repaired faste r th an CPDs in UV-
irradiated bairl ess mo use ep ide rmis. Taki ng into account the induc-
tion and repair rates for both strains, o ne should observe a grea te r 
number ofCPDs and (6-4) PDs in the SKH-1 strain 48 h after the 
last dose of UVR., bu t ti-lls was not observed . T hese results are 
supported by Vink et a/ (1991, 1993), who showed a p eak of 
tl1ytnin e dimer levels within th e first week of daily UV treatments 
(100 mj/cn1 2 / d) followed by a 25-50% decrease in thymine dimer 
levels. O ur resuJts and - those of Vink et rrl suggest that the 
differe nces in the onset of tumorigenesis result fi:om differences in 
th e initi al leve l of photodan1age in m o use epidermis rather than 
from re pair rates and that an equilibrium is reached b etw een the 
formation and repair ofCPDs and (6-4) PDs early in the course of 
chronic UV exposure. 
T here are two possibilities to explain _ th e equilibrium in the 
20 
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accumul atio n ofCPDs and (6 - 4) PDs. O ne possibility is the use of 
the broad- band UV irradi ation (290-400 nm). O lsen et rrl (1989) 
showed that (6-4) PDs are preferabl y form ed at 290 and/or 297 nm 
compared to other wave lengths in UV-irradiatcd (1-lr/ h) hairl ess 
mice with m o noc hrom atic lig h t. Berget rrl (1995) have shown that 
in UVA/B and UVB-irradiated groups of SlG:-1-1 mi ce the number 
of thymin e d im ers in the e pid ermis is significantly lower in the 
UV AlB group compared to the UVB gro up when the cumulative 
d ose in creases from ] .35 Jlcm2 to 3.0-4.0 j /cm 2 
Another expl anati on for the saturating levels of CPDs and (6-4) 
PDs in this study m ay be th e chronic pro lite ratio n or hyperplasia . 
Dividing ce ll s, which have unrepa ired DNA d am age pl'ior to UV 
irradiatio n, will pro du ce a 2-fo ld dilution of the concen tratio n of 
les io ns. Subsequ ent UV exposures will in crease the tota l amount of 
lesions but not their concentration. T his has been detected by Vink 
el rr l (1991), who sho wed a d ecrease in the accumulation of thymine 
dimers after l wk of UVB as a result of the in crease in the number 
of epiderm al cell layers. T herefore, increased h yperplasia, as ob-
served in the SKH -1 sh·ain , co uld eq uilibrate or decrease th e 
photodamage . Together o r separa tely, these two factors co uld 
contribute to tl1 e sa turation and cumulati ve differe nces ofCPDs and 
(6 - 4) PDs in chronic UV-irradiated mouse epidermis. 
Morphologic analysis of the epidermis indicates tha t under 
similar UV treatm ents (up to week 6), the SKH- '1 m o use strain is 
m o re susceptible to UV-induced hyperplasia than is the SENCAR 
mouse strain . The differences in epiderm aJ hyperplasia were con·e-
lated with the greater number of cycling epiderma l ce lls and with 
the low number of epidermal cells expressin g p53 in the SKH-1 
strain. T he nmnbers of cells incorporati11g BrdU in the SKI-l-1 
stra in were equival ent after 6 and 9 wk ofUV irradiation ; howe ve r, 
the appearance ofBrdU-Iabeled cells basally and suprabasally by 9 
wk i11 areas of focal dysp lasia indicates tha t UV irradiatio n is a 
tumor promoter and causes the clonal expansion of initia ted ce lls. 
Conversely, the low level o f hyperpla sia in the SENCAR mouse 
strain is a reflection of th e low number o f cyclin g epide rm al cell s 
and the increase in epidermal cells e xpressing p53. ln this study, as 
in o ur pre vious stud y (Berton c/ a/, 1996) , UV-irradiatcd and 
sham-treated SENCAR mice were shaved o nce a week as needed 
to rem ove hair. Although sha vin g can be mildly irritatin g and thus 
ca use som e hyperpl asia i f not done carefull y, we did not see an 
in crease in BrdU incorporatio n or an increase in h yperpl asia, 
suggesting that shaving in this study is not a pro liferative agent. 
The role of p 53, a tumor suppressor gene, is to monitor the 
in tegrity of tbe cell and m aintain chromoso mal stability . A ll tbree 
UV wavelengths have been shown to induce p53 expressio n in the 
epidermis. UVC indu ces p53 in the gran ular and spin os um layers, 
whereas UVB induces p 53 tlu·oughout the epidermjs and UV A 
Scnca r 
SJ< H-1 
b 
10 
----.- Scncar 
-o---- S KH-1 
Figure 5. VVR causes greater BrdU 
incorporation but similar p53 labeling 
in SEN CAR an d SKH-1 mouse epider-
mis . (11) Four 1nicc fron1 each strain \vcrc 
UV -irradiated as described i.n tbc text. 
Each mouse was inj ected with a 2.0% 13rdU 
solu tion intn<peritone;dly 2 h before eutha-
nasia. The dorsal surface was isolated, fixed 
in 1 o•v., neutril l buffe red formalin , and pro-
cessed. Five-n1icro n sec tions were cut and 
immunostaincd with anti-BrdU antibody as 
described in the text. (b) Four mice from 
each strain were UV -irn<diatcd as described 
in the text. T he dorsa l surf.1 cc was isolated, 
fixed in 1 o·x, neu tral buffered forma lin , and 
processed . Four-micron sections were cut 
and immunostained with rabbit anti-p53 
antibody (CM-5) as described in the text 
(mean ± SEM; n = 24 of duplicate areas 
from three sections of fo ur mice at 400 X , ', 
p < 0.001 signi fican t di ffe rence bel:\wen 
SKH-1 and SENCAJl mouse strain s.) 
o+-----~-r~-----.------~ o+--------,---------r----~~ 
0 6 
WeeksofUV 
0 
Weeks ofUV 
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induces p53 in the basa l layers (CampbelJ ef a/ , 1993). T he 
wild- type form of p53 has been shown to m ediate cell cycle arres t 
by in creasing p21 Op t /WAFt and Gadd45 following D N A damage 
(Kastan ef a/, 1991) , to participate in DNA repair (Friedberg et a/, 
1995) , and to indu ce apoptosis (Ziegler et nl, 1994) . In pre-
malignan t lesions, Ziegler et a/ (1994) showed that loss of the p53 
allele was found in 29% of the les io ns in wh.ich 60'Yo of the 
immunopositive areas had a p53 mutation. T he increased p53 
i.mmunostained cells during weeks 6 and 9 in both mouse strains 
suggests sta bilization of the p 53 protein . After 9 wk of UV 
irradiati o n , however, p53 immunostaini.t1.g was detected in the 
SKH-1 epidermis in basal and suprabasa l cell s in fo cal areas of 
dysplasia compared to only the basa l area of the SEN CAR epider-
mis. Whe ther supra basal expressio n o f p53 i.t1. the SKl-I- 1 strain is a 
result of nm tation or aberrant expressio n is unknown . Berg et nl 
(1996) have shown, with the sa me antibody used in this study 
(CM-5), that there was an increase in p53 immunosta.i.t1.ed cells as 
the number of days of irradiation increased . T hey also showed that 
70'Yu of the p53 patches immunostained w ith the C M-5 antibody 
were inununoreactive w ith the PAB2 40 an tibody, w hich de tects 
the mutant conformation (Berg et nl, 1996). 
T he data presented here suggest that the accumula tion of DNA 
dam age in the SENCAR and the SKH- 1 epidermis are similar and 
do not exclusively contribute to the susceptibili ty to UV-induced 
tumors, whereas the differen ces in. the epidermal hyperpla sia be-
tween the strams contribu tes greater susceptibility to the develop-
ment of skin neoplasm s. This difference in hyperplasia is directly 
correlated with th e number o f basal and supra basa l cells undergo.i.t1g 
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F igure 6. Hyperplasia and BrdU incor-
poration after chronic UV exposure. 
Mice were UV-ixradiated according to the 
protocol described in. Materials and Meth-
ods. Two hours prior to euthanasia, the 
mice were injected with a 2.0% BrdU solu-
tion. The epidermis was isolated, fixed , 
processed, and stained as described in Fig 
SA . (A,C,E) SENCAR strain ; un treated , 1 
wk UV , 9 wk UV, respectively; (B,D,F) 
SKH-1 strain , un treated, 1 wk UV. 9 wk 
UV. respectively . .....;., area of dysplasia. Scnlc 
IJilr, 30 f..lnt. 
DNA syn thesis afte r 9 wk of UV exposure in the S.KH-1 straiJ1 
compared to only the basal cell s in th e SENCAR strain. In additio n , 
the location of p53 immunopositive areas, and not the qu antitativ e 
levels of p53 be tween the strain s, m ay also con tribute to the 
difference in hyperplasia. All together, the differences in the typ e 
and number of BrdU -I abeled epidermal cells and typ e of p53 
immunoreactive epidermal cells in the SKH-1 strain m ay reflect a.n 
enhanced p robabili ty of mutation , and as a result, contribute to the 
difrere nces in the susceptibili ty to UV -ind uced sk.in carcinogenesis. 
In o ur previous UV tumor experiments, th e SKH- 1 strain had a 
sho rter tumor latency, greater tumor incidence, and higher tumor 
yield than the SENCAR strain . In tlus study w e compared the two 
strains for the photobiologic responses and p <trame ters of the cell 
cycle after 1, 3, 6, or 9 "vk of chro nic UV exposure. T he 
observa tions presented here provide evide nce th at the induction o f 
UV tumorigenesis is not en tirely de pend ent on the accumul ation of 
C PDs and (6-4) PDs in tl1e SEN CAR and SKH- 1 strains bnt is also 
dep endent o n the degree of epidermal hyperplasia associated with 
DNA synthesis. 
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Figure 7. Epidermal p53 immunoreac-
tivity after chroni!' UV exposure. Mice 
were UV- irradiated acco(di.ng to the pro to-
col d.:sc ribed in Ma terials and Me thods. T he 
epidermjs was isolated, fix ed , processed, 
and stained as described in Fig SB. (A,C,E) 
SEN C AR strain ; untreated , 1 wk UV , 9 wk 
UV , respectively. (B,D,F) SKH-1 m ain , 
Llll treated , 1 w k UV , 9 wk UV, respectively. 
Scnle bnr, 30 fi-111. 
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